The mitotic kinase Aurora A is an important therapeutic target for cancer therapy. on October 22, 2017.
missegregation during anaphase and telophase (13) (14) (15) (16) (17) . The spindle defects that arise in cells lacking functional Aurora A lead to mitotic arrest in metaphase, presumably mediated by the spindle assembly checkpoint.
Evidence exists to support two alternative outcomes subsequent to arrest in metaphase. In some settings, mitotic arrest is prolonged and leads to death directly out of prometaphase. In others, the mitotic arrest is transient and is followed by inappropriate passage through mitosis, which is accompanied by chromosome segregation defects and then cell cycle arrest or death (18, 19) .
Such a diversity of terminal outcomes following mitotic arrest occurs with multiple antimitotic agents such as taxanes and KSP inhibitors (18, 19) . In fact, the diversity of terminal outcomes subsequent to the engagement of the spindle assembly checkpoint represents a challenge for incorporating pharmacodynamic readouts in antimitotic drug development. For example, early attempts to place taxane pharmacodynamics on a rational footing by using the mitotic index as a predictive marker were abandoned after preclinical in vivo work showed weak (20) or nonexistent correlations (21) between the degree of mitotic arrest and tumor response. Similar observations were made in patient tumor biopsies (22) .
If mitotic arrest were the sole outcome induced by taxanes, a correlation between degree of mitotic arrest and tumor response would be expected; the lack of correlation is consistent with the dual mechanisms of mitotic arrest and mitotic slippage induced by antimitotics. Clearly, a more complete picture of the 7 fixed in 10% neutral buffered formalin overnight and stored in 70% ethyl alcohol before embedding in paraffin.
Histopathology assessment. 5-μm skin sections of formalin-fixed, paraffin-embedded skin punch biopsies were deparaffinized and stained by standard methods with hematoxylin and eosin using a Leica Autostainer XL (Meyer Instruments, Inc.). Stained sections were evaluated for the presence of mitotic and apoptotic cells within the basal epithelial layer.
Skin mitotic index.
Immunohistochemistry was performed on 5-μm sections of formalin-fixed, paraffin-embedded skin punch biopsies. Figure 2D and 2E). The mitotic index increased from 0.13 in the pre-dose biopsy to 3.72 and 3.04, respectively, in the two biopsies on day 7. In addition, when evaluating hematoxylin and eosin stained sections, many mitotic figures could readily be discerned in the day 7 biopsies, whereas these were rarely observed in the pre-dose biopsy ( Figure 2F ). Moreover, several of these cells were histopathologically characterized as being either pre-apoptotic or frankly apoptotic according to morphological features. The increase in the mitotic index along with the appearance of apoptotic cells in the skin biopsies after treatment with MLN8054 were outcomes consistent with inhibition of Aurora A.
The skin mitotic index was assessed in all patients who had evaluable predose and day 7 biopsies from the C10001 and C10002 studies (n = 67; Figure 3A and 3B, respectively; Supplementary Table 1 Table 2 ). Moreover, 48 of the 67 patients with evaluable pre-dose and post-dose skin biopsies showed an increased mitotic index.
Nevertheless, the magnitude of this increase varied greatly, and in certain cases the increase may simply have been due to baseline variation. Notably, in several patients in the two highest dose cohorts of the C10002 study (70 and 80 mg),
there were robust increases in the mitotic index in the day 7 biopsies relative to baseline. It is unclear why similar effects were not observed in the C10001 study in patients dosed in the 70 and 80 mg cohorts.
The tumor mitotic index was also evaluated for all patients that had evaluable pre-and post-dose tumor samples for this assay (n = 15; Figure 4A ). In the pre-dose biopsies, the mitotic index ranged between 0% and 9.4%
(Supplementary Table 3 ). Several patients demonstrated increased levels of mitotic cells after MLN8054 dosing; however, the magnitude of these increases varied considerably. In some patients, the mitotic index also decreased after dosing. Moreover, when examining the tumor mitotic index across all patients,
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Tumor cells undergoing a mitotic delay as a result of Aurora A kinase inhibition would be expected to show defects in chromosome alignment and spindle bipolarity (14, 16) . However, defects in spindle bipolarity and The average number of mitotic cells counted in 4 sections from skin biopsies taken in the pre-dose biopsy, the day 7 biopsy 1 and the day 7 biopsy 2. The Pvalue demonstrates a statistical difference between the pre-dose and either day 7 biopsy. (F) Hematoxylin and eosin stained skin in the pre-dose, the day 7 biopsy 1 and the day 7 biopsy 2. Arrows point to mitotic cells, arrow heads point to mitotic / pre-apoptotic cells and the asterisk is adjacent to an apoptotic cell.
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